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. Abstract: Polychaetespeciescomposition,abundanceand seasonalvariationwere analyzedin
relationto Spartinaalternifloracoverandtide leveiat Pontado Arrozal,Cananéia,during
1989/1990.Two intertidalstationswerelocatedontheS. alternifloraOOlt,onecameanhigh
waterof neaptides(MHWN) andtheothercameanhighwaterof springtides(MHWS).Two
otherstationswereestablishedat correspondingtide levelsat an adjacentsite devoidof
vegetation.A totalof 17specieswerecollected.Eachstationwassampledtwiceseasonallywitha
20 em of diametercorer. Capitellacapitata,Isolda pulchella,Nereis oligohalinaand
Lumbrinerispwerethemostabundantspecies.Statisticallysignificantdifferencesbetweenthe
vegetatedandbaresitesconsideredwereobservedforthenumberofspecies,density,diversityand
evenness,withtheirvaluesOOinghigheratthevegetatedsite.Multivariateanalysishowedspatial
variationsof thefaunaaccordingto vegetationcoverandtideleveI.In relationto vegetation
cover,polychaetesa semblagesweredistinguishablemainlybyindividualspeciesdensitiesofthe
morecommonspecies,sincethemostabundantspecieswerepresentatthevegetatedandbare
sites.In relationtotideleveI,thefaunaldensitiesandnumberof speciesattheMHWN station
weresignificantlyhigherthanthoseattheMHWSstationmainIyatthebaresite.
. Resumo:Analisou-sea composição,abundânciae variaçãosazonalde espéciesde poliquetasem
relaçãoà coberturavegetaldeSpartinaalterniflorae o níveldemaréna Pontado Arrozal,
Cananéia,nosanos1989/1990.DuasestaçõesentremarésforamestaOOlecidasno cinturãodeS.
alterniflora,umanalinhadamédiademarésaltasdequadratura(LMMQ) eoutra,na linhada
médiademarésaltasdesizígia(LMMS). DuasoutrasestaçõesdecoletaforamestaOOlecidasa
níveisdemarécorrespondentes,emumlocaladjacentedesprovidodevegetação.Cadaestaçãofoi
amostradaduasvezesà cadaestaçãodoano,comauxíliodeumcorerde20 emdediâmetro.
Foramobtidas17espécies,endoasmaisabundantesCapitellacapitata,Isoldapulchella,Nereis
oligohalinae Lumbrinerisp.Diferençasestatisticamentesignificativasforamobservadasem
relaçãoaonúmerodeespécies,densidade,diversidadeeequidade,sendoosvaloresdestesíndices
sempremaioresnolocalvegetado.A análisemultivariadamostroumavariaçãoespacialdafauna
emrelaçãoà presençadecoberturavegetale níveisdemaré.Em relaçãoà coberturavegetal,
associaçõesde poliquetasforamdistinguíveisprincipalmentepelasdiferentesdensidadesdas
espéciesmaiscomuns,já queamaioriadestasespéciesforamencontradasemambososlocais.Em
relaçãoao nível de maré, tanto as densidadesquantoo númerode espéciesforam
significativamentemaisaltosnonívelLMMQ, principalmentenolocaldesprovidodevegetação.
. Descriptors:PIantcover,Tide leveI,Intertidal,Polychaetassociations,Spartinaalterniflora
marsh,Cananéia,Brazil.
. Descritores:coberturavegetal,níveisdemaré,entremarés,associaçõesdePolychaeta,marismade
Spartinaalterniflora,Cananéia,Brasil.
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Introduction
Macrobenthicassociationscan 00 highly
influencedin termsof compositionand sped?'s
densitiesby structuralelementsuchasplantC01er
(Lewis& Stoner,1983;Lana& Guiss,1991).This
faunalvariabilityis normallyattributedtotheeffect
of densityand size of macrophytaon physical
characteristicssuchas currentspeedandsediment
stability(petersonet ai, 1984),modificationin
biologicalinteractionsuchas predation(Heck&
Thoman, 1981; Flynn, 1993) and biology of
individualspecieswith respectto suitabilityof
macrophytaas foodandliving space(Schneider&
Mann, 1991). But a consistent ecological
generalizationconcerningthe faunalregulationin
marinevegetatedhabitatshasnotyetarisenin the
literaturemaking it difficult to predict the
composition,abundanceand dynamicsof soft-
substratecommunitiesat unexaminedsites.This is
primarilycausedbythegreatvariabilityin patterns
and processesoperatingin marinesoft-substrate
habitats(Kneib,1984;Edgaretai, 1994).
In Cananéiaregion,asin anyothermonoculture
marsh,SpartinaalternifloragrowsitÍ theintertidal
zoneandalthoughthereis a continuousgradient
OOtweenthemangroveandthesea,twosub-zones,a
loweranduppermarsh,can00definedin termsof
topographyandits consequenttidal floodingOOing
thedemarcationline ca MHW (meanhigh water)
(Mckee& Patrick,1988).Althoughthepotentialfor
tidaleventsto influencemanyaspectsof saltmarsh
species is readily apparent,there are few
investigationsof tidal effectson the species
distribution(Adam,1993).A coherentmodelof soft-
substratecommunityorganizationcan only 00
deveIopedif questionsaboutherelativeimportance
of variousphysicalandbiologicalfactorsaffecting
thedistributionof organismsalongtidallyinduced
gradientswereanswered.For that,descriptionof
cryptic intertidaldistributionpatternsof soft-
substrateinfaunalorganisms,carcein theliterature,
must00attendedtopermitanunderstandingof the
community dynamics. Concerning specificaUy
Brazilianssubtropicalsalt-marshesfewstudieshave
beenpublished(Capitoliet ai., 1978;Tararam&
Wakabara,1987;Takeda,1988;Lana& Guiss,1991;
Flynnetai., 1996).
In this paperwe comparethe structuraland
temporalvariabilityof polychaeteassociationsat a
vegetatedand nearbyunvegetatedsites at two
differenttide levels. Speciescompositionand
abundanceare analyzedin relationto important
factorsin thedistributionof saltmarshinvertebrates
suchassubstrate,plantcoverandtideleveI.
Materiaisandmetbods
The researchwasconductedat Pontado Arrozal
(25°02'S- 47°56'W),in theeuryhalinesectorof
Cananéialagoonestuarineregion(Fig. 1),wherea
discontinuousmonospecificstand of Spartina
alternifloraca25m wideand1100m longoccurs.
Localtidesarecharacterizedby diurnalinequalities
andanalmostsernidiurnalpatternin maximaltidal
amplitudes,ca 1.8m (Mesquita& Harari, 1988).
Salinityrangesfrom28 ppmto 31 ppmand sea
watertemperaturefrom20°C in winterto32°Cin
summer.A completedescriptionandcharacterization
of the systemis givenby Schaeffer-Novelliet ai,
(1990).
Two intertidalstationswerelocatedon theS.
alternifloraOOlt,oneatcameanhighwaterof neap
tides(MHWN) andtheothercameanhighwaterof
springtides(MHWS).Two othersintertidalstations
wereestablishedat correspondingtide levelsat an
adjacentsitedevoidofvegetation.
Faunalandenvironmentalsamplesweretaken
onceeachseasoninAugust1989(winter),November
1989(spring),February1990(summer)and May
1990 (autumn).Surfacewater temperaturewas
determinedby a thermometer,salinityby a hand
refractometerand dissolvedoxygenwas analyzed
accordingto Strickland and Parsons (1968).
Sedimentsampleswereanalyzedfor sandandsilt-
day percentage(Suguio,1973)and for organic
matterby the H202digestionmethod.The total
biomassof S. alterniflorawas measuredfor each
sampleas wetweightaftera dryingperiodof 24
hoursin theshade.
Faunalsamplesconsistedof 2 replicatesfor
eachsamplingstationtakenbyacorerwith20emof
internaldiameterburiedin 10emof thesediment,
collectedat low tide. Sedimentand rhizomemat
sampleswere sievedthrough lmm and 0.5mm
meshes,theorganismswerefixedin 10%formalin
andthenpreservedin 70%ethanol.AlI polychaetes
specimenswereidentifiedat the lowestpractical
taxonomiclevei and countedundera dissecting
microscope.The numberof species(S), total
polychaetedensity (No ind/O.06m2),diversity
(Shannon'sindexIr) andevenness(Pielou'sindexJ')
wererecordedforeachstationateachseason.
One- "wy analysisof variance(ANOVA) was
usedtotestfor differencesin waterparameterssuch
asternperature,salinityanddissolvedoxygen.Two-
wayanalysesof variancewereusedin orderto test
fordifferencesin sediment(%of sanei,% of silt-clay
andorganiccontents),polychaeteassociation(N, s,
Ir, J'), andplantbiomassparametersamonghabitat
types and samplingperiods.A 5% leveI of
confidencewasassumed.
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Fig. I. LocationofsamplingsiteinCananéialagoon-estuarineregion,SãoPauloState.
Principal componentsanalysis(Legendre&
Legendre,1983)wasemployedin ordertoreducethe
multivariatenatureof thedatatoa fewinterpretable
dimensions.Log (x + 1) transformationswere
appliedto reducetheheterogeneityof therawdata.
The datamatrixincluded23 variables(18 faunal
parametersand 5 sedimentand plant biomass
parameters)for ooch of the 16 observations(4
samplingsoosonsin 4 differentstations).In factorial
maps ooch samplewas identifiedby 2 letters
representing seasons: WI -winter, AU - autumn, SU
- summerandSP - spring,folIowedby LI or L2
representing,respectively,thetidelevelsMHWN and
MHWS andVEG or BARE for thevegetatedand
bare sites. Multivariateanalysisprogram was
developedby Or. Jean L. Valentin(Institutode
EstudosdoMarAlmirantePauloMoreira,Arraialdo
Cabo,RiodeJaneiro,Brazil).
In presentingtheresults,theterm"site"refers
to a habitat type, in this case vegetatedor
unvegetatedhabitatsand the word "station"to
samplestakenftomdifferentideleveIwithinooch
habitat.
Results
Temporalvariationsin temperature,salinityand
dissolvedoxygenare shownin Figure2. Table 1
summarizesthe variationrange of sea water
parameterswith the resultsof one-.wayANOVA.
These parametersreveal a significanttemporal
variationwith salinitylowerin summer,probably
duetohoovyrainfalI,temperaturehigherin summer
anddissolvedoxygenhigherin spring.Sandandsilt
- claypercentagew refoundto bestatisticalIy
indistinguishableamongsitesor samplingseasons.
However,a higherpercentageof sand(loo%) was
found at MHWS bare station,and of silt-clay
(6.11%) atMHWS vegetatedstation.Organicmatter
was also statisticalIyindistinguishableat 0.05
significanceleveIwhensamplingtimesor stations
wereconsidered.Thehighestpercentagewerefound
at MHWS vegetatedstation (0.7 and 3.3
respectively).Plant biomasswere higher at the
vegetatedsite, but statisticallyindistinguishable
amongsamplingtimes(Table2).
28 Rev.bras.oceanogr.,45(1/2),1997
15
Spring Summer
Fig.2.Temporalvariationintemperature(1),salinity(8)anddissolvedoxygen(O)ofthesuperficialwater.
Table1.Variationrangeof superficialwatervariablesand
resultsof one-wayANOVA (4o)significantat 5%'
leveIof confidence
Parameters VariationRange P -value
22.4-28.1 3.19B.7'"
20-28 0.00012'"
2.53-6.80 U5E.07·
Temperaturee)
Salinity(ppm)
DissolvedOxygen(ml-l)
A totalof 1,900polychaetesrepresenting17
specieswereidentified.All 17specieswerefoundou
thevegetatedsiterepresentedby95.5%of thetotal
individuaIs(54%in theMHWN stationand41.5%
in theMHWS station),being8 speciesexclusiveof
this site.The baresitepresented9 species,none
exclusive,accountingfor 4.5% of the total
individuaIs.
-+-T
-+-S
~o
Autumn Winter
ThespeciesCapitelJacapitata,IsoldapulchelJa,
Nereisoligohalina ndLumbrinerispaccountedfor
85.8%of alI individuaIsatbothsites.Mostof them
aetas deposit feeders,beingthe first two tube.
buildersandthe third discretelymotile.Although
this specieswerepresentedthroughoutthestudied
period,markedpopulationfluetuationswithnoclear
seasonaltrendwereevident(Fig.3).
Macrofaunaldensityvariedfi'om1 ind.lO.06m2
(MHWS barestationin spring)to 546ind.lO.06m2
(MHWNvegetatedstationinwinter).Meandensities
werestatisticallyhigherat thevegetatedsite.No
differeneeswere foundamongsamplingseasons,
although,almostinvariably,higherdensitieswere
foundin winter.Highly signifieantdifferencein
numberofspeciesoccurredamongsites,withhigher
numbersat thevegetatedsite.Samplingtimewere
statistieallyindistinguishable,however higher
numberof specieswerefoundin winterfor alI
stations.Diversityand evennesswerestatistically
distinguishableonly amongstations,with higher
valuesatthevegetatedsite(Table3).
Table2. Variationrangeof variablesandresultsof two-wayANOVA evaluatingeffectof sedimentparametersandplant
biomass(4o)=significantat5%leveIofconfidence;(U) =significantat I% leveIofconfidence.
Parameters VariationRange p-values
LI veg L2veg LI bare L2bare time Sites
Sand(%) 99.63-99.98 91.49-99.69 99.55-99.9 90.53-100 0.07 2.01
Silt-Clay(%) 0.02-0.37 0.31-6.11 0.1-0.41 0-0.66 0.33 1.06
Organicmatter(%) O 0.1.0.7 O 0-0.3 0.14 7.11
Biomassaf Spartina(g) 19.3-59 92.232.5 O O 1.38 21.14(**)
Numbcrafspecies(s) 7-12 5-10 1.4 1-2 3.62 36.48(*)
Density(indsIO,06m2) 44-546 13-357 1.27 1.21 1.29 3,63(*)
Divcrsity(Ir) 0.634- 1.751 0.583- 1.733 O- 1.055 0-0.191 3.36 12.11(**)
Evenness(J') 0.326.0.797 0.362-0.89 1.7E+38.0.96 1.7E+38-0.276 1.50 4(*)
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Samples,parametersand speciespointswere
projectedona similarscalein theíàctorialspacein
orderto c1arityaffinitiesof speciesto sampleand
environrnentalfactors. The first component
accountedfor 33.2% of the total varianceand
representedvegetatedsite,withpositiveco-ordinates,
characterizedbythepresenceofS. alterniflora,high
faunal abundanceand high numberof species,
opposedto baresite,with negativeco-ordinates,
characterizedbylowfaunalrichnessandabundance.
Thesecondcomponent(18.2%oftotalvariance)was
associatedwith sedimentparametersdistinguishing
stationswithahigherpercentageof sand,bothfrom
thebaresiteandtheMHWN vegetatedstation,from
theMHWSvegetatedstationwithhigherpercentage
ofsiltandorganicmarter(Fig.4a).
Althoughmostspecieswerepresentatboththe
vegetatedstations,a distinctpartemof abundance
wasevident.Speciesoftheupperightquadrantwere
associatedwiththeMHWN vegetatedstation,being
Lumbrinereis hebes, Perinereis vancaurica,
Perinereissp. andDiopatrasp. exclusiveof this
station, while Glycinde multidens,Neanthes
succinea,Sigambragrubii, Lumbrineridaeand
Nereididaewere more commonat this station.
Speciesof thelowerrightquadrantwereassociated
withtheMHWS vegetatedstation,beingPerinereis
ponteniexc1usive,whileGlyceraamericana,Isolda
pulchella,Nereisoligohalina,Capitellacapitata nd
Laeonereisacutamoreabundantat this station.
Scolelepisquamata,tthelowerleftquadrant,was
theonlyspeciesmoreabundantatthebaresiteand
exc1usiveoftheMHWSstations(Fig.4b).
Discussion
Evidenceis presentedthatbothtidal leveIand
thepresenceof vegetationplayan importantrolein
structuring the macrobenthic polychaetes
associationsatasub-tropicaltidalfiat.
Whenconsideringthevegetatedin relationto
thebaresite,thedifferencesinnumberofspeciesand
meandensitiesare remarkable.The presenceof
vegetationallowstheestablishmentofa muchricher
associationsincethespeciesDiopatrasp.,Glycera
americana,Laeonereisacuta,Lumbrinereishebes,
Perinereissp., Perinereisvancaurica,Sigambra
grubii, Nereididaeand Phyllodocidaeabsentin
unvegetatedareasand Capitellacapitata,Isolda
pulchellaandNereisoligohalinararein nearbybare
sedimentshoweda strong associationwith S.
alterniflorabiomass,in agreementwithRader(1984)
who noticed the existence of small-scaled
aggregationof infaunalorganismswiththestemsof
saltmarshvegetation.
The high densitiesof polychaetesat the
vegetatedsiteswasprobablyrelatedtotheshelteror
foodprovidedbytheplantstructuresincealthough
plant cover can change the sedimentological
environmentin marine habitats,no statistical
differencewasevidentbetweenvegetatedandbare
sites. Anotherprobablyimportantfactor is the
sediment oxygenationpropitiatedby the S.
alterniflora'sroots and rhizomesmats which
enhanceinfaunalcolonization(Teal & Wieser,
1966).
Table3.Speciesnumber(S),density(D),diversity(H') andevenness(1') ateachsamplingsiteandseason.
S D H' J' S D H' J'
-
LI veg L2veg
Spring 9 88 1.672 0.761 Spring 2 27 0.158 0.229
Summer 7 348 0.634 0.326 Summer 5 166 0.583 0.362
Autumn 9 44 1.751 0.797 Autumn 10 357 1.266 0.550
Winter 12 546 1.738 0.699 Winter 9 253 0.883 0.402
LI bare L2bare
Spring 3 5 1.055 0.960 Spring O O O 1.70E+3
8
Summer 7 13 1.733 0.890 Summer 1 5 O 1.70E+3
8
Autumn 1 1 O 1.70E+38 Autumn 1 7 O l.70E+3
8
Winter 4 18 0.761 0.549 Winter 2 21 0.191 0.276
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Contrastingwith the vegetatedstations,the
numberof speciesandmacrofaunaldensitieswere
remarkablylow at the bare stations.Species
compositionwas characterizedby few polychaete
species,noneexclusiveof unvegetatedsediment,in
[ar lower densitiessince the speciesclosely
associatedto the root-rhizomematwereexcluded
dueto the absenceof the adequatesubstratafor
attachment,shelteringand feeding,besidesthe
reduceddetritalinputcausedby the absenceof a
plantcoverthatis of theutmostimportancefor the
deposit feeders(Lana & Guiss, 1991), the
predominanttrophictyperepresentedin this study.
This fact suggestsan efficient utilization of
indigenousdetrital energy in tidal marshes
(SubramanyanetaI, 1976).
In relationto tidelevelsin barestationsthere
was a reductionin numberof species&om the
MHWN station,with7species,totheMHWS station
with2 species.In thefusttideleveIspeciescommon
tothevegetatedsitewereobservedin lowerdensities
such as Capitellacapitata,Glycindemultidens,
Isolda pulchella, Neanthes succinea, Nereis
oligohalina,Sigambragrubii and Lumbrineridae,
relatedto &equently-floodedzone.In the MHWS
stationjust Scolelepissquamataand Magelona
variolamellatawerepresent.
At thevegetatedstations,althoughmostspecies
werepresentat bothtideleveI,distinctpattemsof
abundancewere evident.As observedby Flynn
(1993),somepolychaetesa Isoldapulchella,Nereis
oligohalinaand Capitella capitatawere more
abundantattheMHWS tideleveI,probablydueto
thehighercontentof organicmatteranddetritus
(Pardalet ai., 1993;Sardaet aI., 1995).Lewis&
Stoner(1983)observedthat capitelidpolychaetes
aggregatedunder Thalassiaplants where the
concentl-ationfdetritusmaterialcanbehigher.This
speciesis alsoknowntoberesistanttopollutionbut
nottowidesalinityranges(Amaral,1979).Flynnet
aI. (1996)showedthatN. oligohalina,L pulchella
andC. capitatapreferredareaswith high vegetal
biomass derived &om densely aggregatedS.
altemiflorastands.The differencebetweenthe
associationsof thetwotideleveIconsideredis far
morepronouncedat the baresitesincethe plant
coverprovidesa higherhabitatcomplexity,stability
of thesediment,protection&ompredationandfood
abundancebesidespromotingseawateretention
(YoungetaI., 1976;Stoner,1980;Heck& Thoman,
1981;OrthetaI., 1984).
Althoughtherewere fluctuationsin faunal
numbersof speciesand densitiesno temporal
differenceswere statisticallyevidentas already
reportedbyFl)'lin(1993)in relationto polychaetes
species.It seemsthat the dominantinfaunal
polychaetesdon'tpresenta populationdynamics
whichimposestatisticallydistinguishablevariations
in densities.This is in accordancewith Levinton
(1972) predictionsthat state that detritivorous
communitiesaremorestablein time,suggestingthat
arelativelystablepopulationofpolychaetespersisted
throughouthe year.The observedsummerand
winterpeakswerecausedby an increasein the
populationsize of Lumbrinerissp. and Capitella
capitatain the MHWN vegetatedstation,bolda
pulchellaandLumbrinerisp. in theMHWN bare
station.Scolelepisquamatawasresponsibleforthe
winterpeakin theMHWSbarestationandCapitella
capitatafor the autumnpeak in the MHWS
vegetatedstation.Rapid populationincreasesare
explainedin termsof thesettlementof planktonic
larvae and rapid growth rates of brooding
invertebrates(Edgar& Moore,1986).It is possible
thatthelowspringdensitiesmightbeduetograzing
by severalspeciesof fish whichforageon infauna
andpresenthigherdensitiesin spring(Tararam&
Wakabara,1987).
As pointedoutbySantos& Simon(1974)fora
subtropicalestuarinenvironmentat LassingPark,
Florida, vegetatedareasand areasdevoidedof
vegetationsupport assemblagesof infaunal
polychaetesdistinguishablemainly by individual
speciesdensities.Our analysisindicatesthat for
Cananéiaestuarythesameis truesincethemost
abundantspecieswerepresentatboththevegetated
andbaresites,buta distinctpattemof abundance
wasevidentwith individualpopulationsin higher
numbersatthevegetatedstations,aswellasdiversity
and evenessvalues.In relationto tide leveI,the
faunal densitiesat the MHWN stationswere
significantlyhigher than those at the MHWS
stations.This maypartlybe due to the MHWN
stationsproximityof the estuaryin additionto
greatertidalflooding,providingeasieraccessibility
toestuarinespeciesandgreaterabundanceoforganic
detritus(SubramanyametaI., 1976).
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